Abstract
Introduction
Pancreatic cancer is a digestive malignancy with extremely aggressive behavior. It is the fifth leading cause of cancer-related deathsworldwide, and the five-year survival rate of such cancer is approximately8% on the basis of latest data provided by Siegel RL, et al [1] . Chemotherapy and radiotherapy are not effective for PC due to several reasons, such as complex genetic mutations, hypoxic tolerance, and excessive fibrosis [2] . At present, the only available treatment for PC is radical operation; however, the rate of surgical resection is less than 20% because of the absence of obvious symptoms at the early stage [3] .Therefore, to find novel therapeutic strategies based on molecular biomarkers of PC is extremely urgent. Recently, an increasing number of molecular contribute to the transformation and progression of PC were identified, some of these molecular was regarded as prognostic and/or therapeutic markers, such as MUC4, LSD1, and FHL2 [4] [5] [6] .
MCM family is composed of ten proteins which primarily promote the process of DNA replication of eukaryotes [7] . MCM1 is an important member of MADS box transcription factor family, this protein affects the process of cell cycle, apoptosis, growth, and differentiationthrough regulating many gene activation [8] . The MCM2-7 heterohexamer complex was first detected in the yeast Saccharomyces cerevisiae [9] , and the functions of this complex were extensively studied nowdays.MCM2-7interact with each other to form a functional DNA helicases which trigger the initial step of DNA synthesis [10, 11] . MCM8 and MCM9 were generally considered as additional members of MCM2-7 family [7] . Like MCM2-7 complex, MCM8 and MCM9 were also crucial components of the pre-replication complex. MCM8 and MCM9 were also involved in drivingthe initiation of Sphase [12, 13] . MCM10 is another necessary molecule for initializing the DNA synthesis due to its interaction with MCM2-7 complex [14, 15] . Furthermore, it has been reported that some members ofMCMs were abnormally up-regulated in various malignancies, and over-expression of them could promote the progression of malignant cells and predict the survival times of suffered patients [16] [17] [18] . However, the roles of MCMs in PC was absolutely unknown.
Here we will assess the expression of MCMs in PC according to the data provided by TCGA, and analyze the association between MCMs expression and the progression, prognosis of PC.
Methods and Materials

Clinicopathologic Features and MCMs Expression
Clinicopathologic features and MCMs expression (level 3 data, log2(RSEM+1) transformed) for pancreatic cancer patients were downloaded from TCGA data portal (http://cancergenome. nih.gov/). The National Cancer Institute (NCI) and National Human Genome Research Institute (NHGRI) work with physicians who collect tissue for TCGA to gain approval with local Institutional Review Boards (IRBs). An IRB is a group of scientists, doctors, clergy and consumers who review and approve the research proposal for every research project that involves human subjects. 165 patients were finally included in our study, others were excluded due to the lack of critical information (such as overall survival time, age, gender, et al). Main clinicopathologic features for PC patients were shown in Table 1 . All patients were divided into low and high expression group according to the median value of each gene expression. Gene was defined as high expression if this gene expression was more than or equal to median value, otherwise it was defined as low expression.
Statistical Analysis
The different expression groups (high vs. low) was defined by the median value of MCMs expression. The association of MCMs expression with clinicopathologic indicators was accessed by Pearson χ 2 test. The correction between MCMs expression and overall survival time was evaluated by Kaplan-Meier plots and log-rank tests, as well as disease free time. Independent prognostic factors were recognized byunivariate and multivariate Cox proportional hazard regression models were used to recognize. All statistical analyses were performed by SPSS 20.0 software. Differences between groups were considered significant at P<0.05.
Results
MCMs Expression and Association with Biomarkers for Tumor Biological Behaviors
As shown in Fig 1, all MCMs were generally determined in PC samples. As MCMs were reported to participate in the synthesis of DNA, we firstly analyzed the association between MCMs and markers for S phase and proliferation. MCM2-7 complex, MCM8, and MCM10 expression was positively associated with CDK1 and CCNB1 expression which worked as critical proteins in S phase. Almost all assessed molecules were positively corrected with the proliferative biomarker Ki-67 in addition to MCM1. We further assessed the functions of MCMs in cell invasion, migration, and EMT. A few molecules were weakly or moderately associated with MMP2, MMP7, and MMP9; little correlation between MCMs expression and EMT biomarkers expression was observed. Furthermore, we evaluated the roles of MCMs in gemcitabine resistance, and analytic data suggested that most of these molecules over-expression was associated with gemcitabine resistance biomarker RRM1 in different degrees. All results in this aspect were shown in Table 2 . These results demonstrated that higher MCMs levels might be responsible for PC cell proliferation and gemcitabine resistance.
Association between MCMs Expression and Clinicopathologic Variables
Analytic results suggested that MCM4 over-expression was detected in patients with aggressive T stage, and MCM9 was over-expressed in patients with lymph node metastasis ( Table 3) . Furthermore, no other association between these genes expression and clinicopathologic features were observed ( Table 3) . Results in this aspect suggested that MCM4 and MCM9 could be considered as biomarkers for PC progression. The Association between MCMs Expression and the Prognosis of Pancreatic Cancer
Survival Outcomes and Multivariate Analysis
Firstly, the influence of MCMs on disease free survival time was evaluated. A total of 140 patients with disease free survival time related data were enrolled in this section. Analytic results suggested that MCM2, 4, 6, 8, and 10 expression was significantly associated with disease free survival time (Fig 2A) . Specifically patients with lower MCM2, 4, 6, 8, 10 levels had longer disease free survival time.And then, the association between MCMs and overall survival time was also assessed. Similar to disease free survival time, lower MCM2, 4, 8, 10 expression was markedly correlated with better overall survival (Fig 2B) . Other molecules did not show any correlation with overall survival. Finally, independent prognostic factors was investigated by using Cox proportional hazard regression models. Results of univariate analysis demonstrated that not only some MCM proteins but also some clinicopathologic indicators corrected with overall survival, including T stage, N stage, and TNM stage ( Table 4) . Multivariate analytic results suggested that MCM8 could independently predict the overall survival of PC ( Table 4) .
Discussion
PC is a digestive malignancy with extremely high mortality and less therapeutic options. At present the most urgent work for this disease is to investigate novel and efficient biomarkers for prognosis and therapy [19] . In this study, we explored the roles of MCMs in PC for the first time. MCMs abnormal over-expression was significantly associated with PC progression, aggressive PC cell behaviors, poorer disease free survival, and poorer overall survival. It has been reported thatMCM2-7 complex could work together as DNA helicases to promote the initial stage of DNA replication through participating the formation of pre-replication complex [20] [21] [22] . Once binding with some crucial factors in cell cycle (such as Cdc6, Cdt1, and Dbf4/Cdc7), MCM2-7 complex was activated to further enhance DNA synthesis by triggering DNA unwind [23] [24] [25] . In other words, MCM2-7 complex could promote cell cycle from S phase to G2/M phase, and finally enhance cell proliferation. Our analytic results also revealed MCM2-7 complex was very important in S phase. The expression of all members of MCM2-7 complex was positively associated with that of S phase biomarkers (CDK1 and CCNB1), as well as cell proliferation biomarker (Ki-67). However, there was no connection between MCM2-7 complex and PC cell migration, invasion, and EMT. Furthermore, MCM2-7 complex members were abnormally up-regulated in various cancers, such as gastric cancer and colon cancer. And they could be regarded as indicators for certain cancer progression and prognosis [26, 27] .Our results also suggested that some members of MCM2-7 complex could predict PC progression (MCM4 for T stage). In accordance with the data provided by several past studies in other malignancies, PC patients with higher levels of MCM2, MCM4 and MCM 6 had poorer outcomes (MCM2, 4, and 6 for disease free survival time and MCM2 and 2 for overall survival time). However, none of them was an independent predictor of worse outcome. There were other four members belong to MCM family, including MCM1, 8, 9, and 10. All of these four molecules were identified as critical factors in the regulation of cell cycle through different mechanisms. MCM1 could activate many immediate-early genes to further perform its function by interacting with serum response element [28, 29] .As reported, the interaction between MCM8and CDC6 couldeffectively accelerate pre-replication complex assembly [30] , as well as MCM9 and Cdt1 interaction [31] . It has also been reported that MCM8 and MCM9 could form a complex to facilitate homologous recombination which was mediated by RAD51 recruitment at DNA damage sites [32] . MCM10 was reported to promote chromosome replication by enhancing the assembly of the Cdc45-Mcm2-7-GINS complex [33] . And MCM10-RECQ4 interaction was necessary for this process [34] . All reported results above revealed that these four MCMs could also promote cell proliferation by influencing cell cycle. Our analytic data were similar to the report of literatures that MCM8-10 were positively correlated with biomarkers for S phase and cell proliferation in different degrees. Furthermore, many articles focused on these MCMs in malignancies demonstrated that their over-expression was significantly associated with clinicopathologic features for disease progression [17, 35, 36] . However, we just found that MCM9 over-expression was markedly associated lymph node metastasis of PC. Moreover, the prognostic values of MCM8 and MCM10 in PC were similar to MCM2 and MCM4, and MCM8 could be regarded as an independent prognostic factor for PC patients.
Furthermore, latest studies revealed that suppression of the MCMs could sensitize cancer cells to chemotherapeutic agents by inhibiting replicative fork progression, for example, gemcitabine and 5-Fluorouracil [37] . Therefore, we assessed the association between MCMs and gemcitabine resistance biomarkers. Meaningly, MCM2-7 complex expression was significantly associated with gemcitabine resistance biomarker RRM1, especially MCM2 and MCM4 which has high association with RRM1. And then, MCM7 and MCM9 was also moderately associated with RRM1. According to these results, we proposed a hypothesis that gemcitabine resistance might be improved after some MCMs down-regulation.
Conclusion
In conclusion, abnormally up-regulated MCMs in PC were significantly associated with cancer cell proliferation, gemcitabine resistance, disease progression, and poorer outcomes. These results suggested that MCMs were potential biomarkers for PC progression and prognosis, and MCMs could also be considered as targets to improve the efficiency of gemcitabine-based therapy. 
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